Tubeimoside I, tubeimoside II and tubeimoside III were simultaneously determined and identified by high performance liquid chromatography coupled with electrospray tandem mass spectrometry (HPLC-ESI/MS), and a novel and sensitive high performance liquid chromatography -evaporative light scattering detection (HPLC-ELSD) in a 70% methanol extract of Rhizoma Bolbostematis. The chromatographic separation was performed on a Zorbax Extend C 18 analytical column using gradient elution with a solution of acetonitrile and 0.5% acetic acid. The method was validated with acceptable linearities (r > 0.9992) and recoveries (98.6 to 102.4 %). The limits of detection of these three tubeimosides were as low as 0.05 μg. The intra-and inter-day precisions of the method were evaluated and were less than 3.6%. The method was successfully used to analyze 15 batches of Rhizoma Bolbostematis. The content of tubeimosides in the plant material varied from habitat to habitat confirming the necessity to control the quality of Rhizoma Bolbostematis during its preparation and application in the clinic.
Rhizoma Bolbostematis, widely used in traditional Chinese medicine (TCM), is prepared from the bulb of Bolbostemma paniculatum (Maxim.) Franquet [1] . It possesses well-documented anticancer [2] , antiviral [3] , anti-inflammatory [4] and immunosuppressive activities [5] . As reported previously, the chemical components of Rhizoma Bolbostematis mainly involve saponins [3, 4, 6] , sterols [5] and alkaloids [7] , among which saponins are considered to be the main bioactive constituents [8] . Up to now, fourteen saponins have been isolated and elucidated from this TCM [6, 9] . Previous results showed that tubeimoside I exerted potent anti-tumor activity with low toxicity [10] , while tubeimoside I induced apoptosis in HeLa cells, decreased deltapsim and facilitated cytochrome c release [11, 12] . Tubeimoside I can also induce the apoptosis of CNE-2Z cells [13] , which is closely associated with down-regulation and phosphorylation of bcl-2 and bax activation [17] . In addition, tubeimoside I had an inhibitory action on the infection of HIV-1 isolates and would be a promising candidate for treatment of AIDS [14] .
Several methods have been reported for the identification and determination of the saponins in TCM including thin layer chromatography (TLC) [15, 16] , micellar electrokinetic chromatography (MEKC) [17] , HPLC coupled with UV detection [18, 19] , electrospray tandem mass spectrometry (ESI/MS) [20] , and evaporative light scattering detection (ELSD) [21, 22] . The absence of a chromophore associated with the saponins hampers their detection by UV, and this is the main problem encountered in performing HPLC-UV analysis, which typically gives a high level of baseline noise and poor sensitivity. In order to overcome these problems, and to be able to develop validated analytical methods for the quality control of saponins in TCM, several attempts were made to use ESI/MS and ELSD detectors for validation and determination of these components.
Up to now, MS has been extensively used to characterize, confirm and determine saponins in plant extracts [15, 23, 24] . The published results have demonstrated that ELSD is a universal mass detector with a stable baseline, even when employed with gradient elution for the analysis of non-chromophoric and non-volatile compounds [15, 16, 22] . The signal intensity is related to the concentration of the solute in the effluent, but not to its chemical identity.
The quality control of Rhizoma Bolbostematis, however, is performed according to the Chinese Pharmacopoeia (Committee for the Pharmacopoeia of China, 2005) during its preparation and application in the clinic, in which only tubeimoside I is analyzed quantitatively and qualitatively. Thus a method to elucidate and control the multiple constituents of this drug is urgently required so as to ensure efficacy, safety, and batch-to-batch uniformity. In this paper, a simple and effective analytical method using HPLC-ESI/MS and HPLC-ELSD has been established for the simultaneous determination of tubeimosides in Rhizoma Bolbostematis . Additionally, the variance of saponin content has been compared in different batches of Rhizoma Bolbostematis.
Optimization of chromatographic separation conditions:
Unlike the UV-VIS detector, the ELSD system is universal and does not require a chromophore in the analyte such that any molecule present in the injected sample, assuming the concentration is appropriate, will be detected. Initially, HPLC with both ELSD and UV-VIS detection was applied to evaluate the levels of tubeimosides in a sample solution of Rhizoma Bolbostematis injected directly into the column [15, 16] . The investigated tubeimosides could not be clearly detected by UV-VIS, whilst a strong response was obtained by the ELSD detector with good retention features and baseline shape.
The chromatographic conditions were investigated systematically. Because the ingredients in the sample could not be separated with isocratic HPLC elution, gradient elution was carried out. Optimized chromatographic conditions were achieved after several trials with elution systems of acetonitrile: water, methanol: water, acetonitrile: acetic acid buffer and methanol: acetic acid buffer in various proportions. Due to the similarity of chemical structures and physical properties, the investigated compounds could be separated significantly only by slow gradient elution (increasing from 25% B to 35% B in 50 min). The results showed that linear gradient elution with acetonitrile: 0.5% acetic acid gave the best resolution during the chromatographic separation. Under the proposed chromatographic conditions, the fifteen batches of samples were analyzed and yielded good quality chromatograms (shown in Figure 2 ).
Identification of investigated saponins:
The mass spectra of the three tubeimosides in samples of Rhizoma Bolbostemati were acquired in both positive and negative ion mode. Table 1 presents their retention times (t R ) and MS fragmentation ions. As shown in the MS spectra, the three tubeimosides exhibited quasi-molecular ions [M+Na] + and [M+H] + in positive ion mode, whilst [M-H]and [M+Cl]in negative ion mode. There were no further characteristic fragments in the MS n . The analytical LC-ESI/MS conditions described above could be utilized to identify and distinguish these three tubeimosides from Rhizoma Bolbostematis. 
Linearity and LOD:
Calibration curves were constructed from at least six assays of each reference compound. The regression equation was calculated in the form of y = ax + b, where y and x are the values of the log-transformed peak area and the logtransformed concentration of each reference compound (mg/mL), respectively. Results of the regression analyses and the correlation coefficients (r) are shown in Table 2 . The high correlation coefficient values (r > 0.9992) indicated good linearity between the log-transformed peak areas and log-transformed compound concentrations over a relatively wide concentration range. The limits of detection (LOD), determined with a signal-to-noise ratio of 3, were as low as 0.05 μg, which showed high sensitivity under these chromatographic conditions. 
Precision:
The reproducibility (relative standard deviation, RSD) of the proposed method in terms of the peak area for five replicate injections was determined in intra-day and inter-day experiments with six reference standards. As shown in Table 3 , both intra-day and inter-day RSDs of the six investigated components were less than 5.0%. Accuracy: The recoveries of the six investigated components were determined by the standard addition method. Suitable amounts (about 50% of the mean content) of the three tubeimosides were spiked into a sample of Rhizoma Bolbostemati, which had been analyzed previously. The mixture was extracted and analyzed using the proposed procedure. For comparison, an unspiked sample was concurrently prepared and analyzed simultaneously. As demonstrated in Table 4 , the mean recoveries of the three tubeimosides were 98.6-102.4%, with RSD values ranging from 2.1-3.7% (n = 5). 
Sample analysis and quality evaluation:
The three predominant tubeimosides in Rhizoma Bolbostemati were simultaneously determined by the proposed HPLC-ELSD method under the conditions described above. The quantitative analyses were performed by means of the external standard method. Data of the quantitative analyses were expressed as mean ± SD (n = 5, Table 5 ). The results showed that the three tubeimosides contents were quite different in fifteen batches of Rhizoma Bolbostemati. The content of each tubeimoside in the samples showed a slight variance from each other. The variance might originate from growth habitats, preparation and storage procedures, which might be a major problem affecting the application of TCM. The content of tubeimoside I is higher than that of the other two. These three tubeimosides could represent the total saponins of this medicinal material. By control of these three saponins, the quality of this drug can be controlled. The results strongly suggested that further pharmacological research might reveal the relationship between the amount of tubeimosides and bioactivity of Rhizoma Bolbostemati. 
Preparation of standard solutions:
Each of the three tubeimosides was accurately weighed, dissolved in methanol and diluted to an appropriate concentration. A mixed solution of the three standard saponins, containing 286 µg/mL of tubeimoside I, 108 µg/mL of tubeimoside II, and 98 µg/mL of tubeimoside III, was prepared in methanol. All the solutions were stored in the refrigerator at 4ºC until required for analysis.
Preparation of samples: Each sample of Rhizoma
Bolbostematis was dried at 60ºC until constant weight and pulverized to 100 mesh. Approximately 1.0 g pulverized powder was accurately weighted and then extracted twice with 70% methanol (20 mL × 2) by refluxing for 2 h. The supernatant solutions were combined and transferred to A 50 mL volumetric flask with 70% methanol. The obtained solution was filtered through a syringe filter (0.45 µm) and aliquots (10 µL) were subjected to HPLC analysis.
HPLC-ESI/MS analysis:
An Agilent-1100 (Agilent Technologies, Palo Alto, MA, USA) HPLC system was coupled with an Agilent LC/MSD Trap XCT electrospray ion mass spectrometer equipped with a quaternary pump, vacuum degasser, autosampler, and column heater-cooler. The chromatographic separation was performed on an Agilent Zorbax Extend C 18 analytical column (250 × 4.6 mm i.d.; 5 μm) with the column temperature set at 25ºC. A linear gradient elution of A (0.5% acetic acid solution) and B (100% acetonitrile) was used (0 min, 25% B, held for 10min; then a gradient elution of 25% B to 35% B in the following 50 minutes, held for 10 min at 35% B v/v). The column was rinsed for 10 min with 100% B and equilibrated with 25% B before the next injection. The flow rate was 0.8 mL/min, and the injection volume was 10 μL. By solvent splitting, 0.2 mL/min portions of the column effluent were delivered into the ion source of the mass spectrometer. The ESI/MS conditions were as follows: drying gas (nitrogen) flow rate 10 L/min, temperature 350ºC, pressure of nebulizer gas 30 psi, HV voltage 3.5kV, and scan range 500-1400 amu. The ESI/MS spectra were acquired in the positive and negative ion mode using Agilent Chemstation software.
HPLC-ELSD analysis: A LC2010AHT
HPLC system (Shimadzu, Kyoto, Japan) was employed for the quantitative determination of the three tubeimosides in Rhizoma Bolbostemati and consisted of a quaternary pump, vacuum degasser, autosampler and column heater-cooler coupled with a Sedex 85 ELSD (Sedere, Alfortville, France). The chromatographic conditions were as described above, but without the splitting. The drift tube temperature of the ELSD was set at 40ºC and the airflow was produced by a WYK-2 air pump (Lanketech, Tanjin, China) with the pressure set at 3.5 Bar. Data were acquired using Class-VP software (Shimadzu, Kyoto, Japan).
